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File: USPT 



Oct 9, 1984 



DOCUMENT- IDENTIFIER : US 4476526 A 

** See image for Certificate of Correction ** 

TITLE: Cache buffered memory subsystem 

Detailed Description Text (15) : 

As discussed above, in a preferred embodiment of the invention, it is configured as an add-on 
subsystem to a previously existing product, namely the model 8880 disk controller manufactured 
by the assignee of the present invention, Storage Technology Corporation. In this embodiment, 
the director 12 performs the functions of the director in the Model 8880; that is, it directs 
and interfaces to the control module which demultiplex the data to serial form thus directly 
interfacing the drives themselves, to the host channels thus converting the data from the form 
in which it is stored on disk to one to which the channel can respond. The director according 
to the invention performs the additional buffering functions of buffered data transfer, and 
execution of the stage and destage operations, i.e., writing of data from the disk via the 
control module into the cache buffer 30. The director also provides buffer error recovery 
systems, which amount to bypassing of the buffer in favor of direct transfer of data from the 
disk to channel interface, and the director communicates with the buffer manager. That is to 
say, the director performs switching functions, controlling the flow of data between the file 
interface to which is connected the control module and thence the disk units, the cache buffer 
30, and the channel interface to which is connected the host computer. These switching 
functions are controlled in accordance with instructions received over a control interface 64 
from the buffer manager 32. Thus, in the preferred embodiment in which the memory subsystem of 
the invention is added onto a preexisting STC 8880 product, the buffer manager control 
interface 64, the cache buffer 30, and the data interface 68 are added, while the director 12 
is controlled to switch the data path in accordance with the instructions of the buffer manager 
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"Storage Attachment Architecture" by P. David Dodd; May, 1980; Storage Technology Corporation. 
IBM Corporation, "IBM 3880 Storage Control Model 11 and Model 13"; Oct. 21, 1981. 
IBM Tech. Disci. Bull., vol. 15, No. 11, Apr. 1973, pp. 3463-3464, "Attached Support Processor 
W/Shared Cache and Execution Unit" by Schmookler. 



ART-UNIT: 236 



PR I MARY -EXAMINER : Smith; Jerry 



ASSISTANT-EXAMINER: Niessen; William G. 



ATTY-AGENT-FIRM: Woodcock Washburn Kurtz Mackiewicz & Norris 



ABSTRACT : 

A buffered cache memory subsystem is disclosed which features a solid-state cache memory 
connected to a storage director which interfaces a host channel with a control module 
controlling operation of a long-term data storage device such as a disk drive. The solid-state 
cache memory is connected to plural directors which in turn may be connected to differing types 
of control modules, whereby the cache is usable with more than one type of long-term data 
storage means within a given system. The cache memory may be field-installed in a preexisting 
disk drive storage system and is software transparent to the host computer, while providing 
improvements in overall operating efficiency. In a preferred embodiment, data is only cached 
when it is expected to be the subject of a future host request. 

14 Claims, 6 Drawing figures 
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ABSTRACT : 

In a disk array controller, the cache memory has memory modules and a plurality of clossbar 
switches . A plurality of host computer adapters are connected with the clossbar switches while 
a plurality of disk enclosure adapters are connected with the clossbar switches . The clossbar 
switches are connected with the memory modules. The clossbar switches have function to directly 
connect the host computer adapters to the disk enclosure adapters. Accordingly, data transfer 
between the host computer and the disk enclosure can be carried out, independent on memory data 
transfer capability to the cache memory . 

22 Claims, 10 Drawing figures 
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ABSTRACT : 

A system and method for interconnecting electronic components for facilitating shared 
communication. The system comprises a translucent optical layer, a plurality of access slots in 
the translucent optical layer providing access thereto, and at least one electronic component 
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REPRESENTATIVE-FIGURES: 4 



ABSTRACT : 



A disk array control device which includes a plurality of channel interface (IF) units, a 
plurality of disk IF units, a cache memory unit, and a shared memory unit. The connection 
system between the plurality of channel IF units and plurality of disk IF units and the cache 
memory unit is different from the connection system between the plurality of channel IF units 
and plurality of disk IF units and the shared memory unit. In the invention the plurality of 
channel IF units and the plurality of disk IF units are connected via a selector to the cache 
memory unit whereas the plurality of channel IF units and the plurality of disk IF units are 
directly connected to the shared memory unit with no selectors. 

[0001] The present application is a continuation of application Ser. No. 09/358,374, filed Jul. 
21, 1999, the contents of which are incorporated herein by reference. 
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Improved Rear-End I/O Adapted HUB, filed Dec. 29, 1999 and Assigned to Art Unit 2753. 
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ART-UNIT: 2133 

PRIMARY -EXAMINER : Decady; Albert 

ASSISTANT- EXAMINER : Chase; Shelly A 

ATT Y-AGENT- FIRM: Daly, Crowley & Mofford, LLP 

ABSTRACT: 

A method for testing a data storage system, such system having a host computer coupled to a 
bank of disk drives through a system interface. The interface includes a plurality of directors 
and memories interconnected by a plurality of busses for controlling data transfer between the 
host computer and the bank of disk drives as such data passes through the memories. A portion 
of the directors is coupled to the host computer. The method includes providing a test printed 
circuit board having input ports adapted for plugging into a system printed circuit board, such 
test printed circuit board having a selector section adapted to couple any one of the inputs 
thereof to a test output on the test printed circuit board. The method includes the steps of: 
(a) prior to a test mode, removing a director or memory and replacing such removed director or 
memory with the test printed circuit board; (b) operating the system with the test printed 
circuit board; (c) selectively coupling the inputs of the test printed circuit board to the 
test output to examine a signal waveform produced at the test port; and (d) repeating steps (a- 
c) . 

3 Claims, 25 Drawing figures 
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DOCUMENT- IDENTIFIER : US 6496951 Bl 

TITLE: Method for testing signal integrity "in a data storage system 



Abstract Text (1) : 

A method for testing a data storage system, such system having a host computer coupled to a 
bank of disk drives through a system interface. The interface includes a plurality of directors 
and memories interconnected by a plurality of busses for controlling data transfer between the 
host computer and the bank of disk drives as such data passes through the memories. A portion 
of the directors is coupled to the host computer. The method includes providing a test printed 
circuit board having input ports adapted for plugging into a system printed circuit board, such 
test printed circuit board having a selector section adapted to couple any one of the inputs 
thereof to a test output on the test printed circuit board. The method includes the steps of: 
(a) prior to a test mode, removing a director or memory and replacing such removed director or 
memory with the test printed circuit board; (b) operating the system with the test printed 
circuit board; (c) selectively coupling the inputs of the test printed circuit board to the 
test output to examine a signal waveform produced at the test port; and (d) repeating steps (a- 
c) . 

Brief Summary Text (5) : 

As is also known, when using the fibre channel communication protocol, if any element in the 
channel becomes inoperative, the entire channel becomes inoperative. That is, if the first disk 
controller becomes inoperative, or if any one of the disk drives in the set coupled to the 
first channel becomes inoperative (i.e., as where the disk interface fails, the disk interface 
is inoperative, or removed with its coupled disk drive, or where the disk drive coupled thereto 
fails, or is removed), the first fibre channel, is "broken", or open, and becomes inoperative. 
The data stored in the entire portion of the set of disk drives coupled to the first disk 
channel is therefore unavailable until the inoperative first disk controller or inoperative 
disk drive is replaced. This is true with either the first channel or the second channel. One 
technique suggested to solve this problem is through the use of a switch, sometimes referred to 
as an LRC (i.e., a loop resiliency circuit) switch . Such LRC switch is used to remove an 
inoperative disk drive from its channel. 
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PRIMARY-EXAMINER: Sparks; Donald 
ASSISTANT-EXAMINER: Truong; Bao Q 

ATTY-AGENT-FIRM: Reed Smith LLP Fisher, Esq.; Stanley P. Marquez, Esq.; Juan Carlos A. 
ABSTRACT : 

The storage system includes disk control clusters. Each cluster has channel IF units, disk IF 
units and local shared memory units. The channel IF units, disk IF units and local shared 
memory units in the plurality of disk control clusters are connected to each other across the 
disk control clusters by interconnection, global information control unit for storing 
management information about the disk control clusters is connected to the interconnection. 
Host computers and the channel IF units of the disk control clusters are connected via front- 
end switch for storing copy of the management information. Since the front-end switch reflects 
the contents of the copy of the management information on routing table, an access request from 
tne host computer can be sent to a suitable disk control cluster. 

20 Claims, 24 Drawing figures 
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